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SEASONAL RECONSTRUCTION OF THE W I N D  FIELD I N  THE STRATOSPHERE 

K. Y e .  Speranskiy 

ABSTRACT 

Some wind c h a r a c t e r i s t i c s  i n  t h e  s t r a t o s p h e r e  
dur ing  t h e  d i f f e r e n t  seasons  of t h e  year  are d i s -  
cussed on t h e  b a s i s  of measurements ob ta ined  by t h e  
Meteoro logica l  Rocket Network of t h e  USA (1959-1960) 
and t h e  USSR dur ing  t h e  I G Y .  

The p r e s e n t  r e p o r t  i s  based on a series of wind measurements per- /52* 
formed by t h e  Meteorological  Rocket Network of t h e  United States  i n  
1959-1960 and on rocket  measurements of t h e  wind i n  t h e  USSR i n  t h e  
s t r a t o s p h e r e  and t h e  lower mesosphere, dur ing  t h e  I G Y .  The o b s e r v a t i o n s  
i n  t h e  United States  w e r e  c a r r i e d  o u t  i n  t h e  l a t i t u d i n a l  reg ion  from t h e  
t r o p i c a l  l a t i t u d e s  t o  65" N (Ref. 1). Observat ions i n  t h e  USSR w e r e  
employed a t  two p o i n t s :  a t  O.Kheys (80' N) and a t  t h e  mean l a t i t u d e s .  
Wind measurements i n  t h e  United S ta tes  w e r e  performed by c o n s t r u c t i n g  
r a d i o  t a r g e t s  i n  t h e  atmosphere and by t r a c i n g  them w i t h  r a d a r .  
c loud of m e t a l l i z e d  p a r t i c l e s '  o r  
t a r g e t s .  Rockets were employed t o  d e l i v e r  t h e  t a r g e t s  t o  t h e  r e q u i s i t e  
a l t i t u d e .  Wind measurements w e r e  performed i n  t h e  USSR by t r a c k i n g  t h e  
nose s e c t i o n  of a meteoro logica l  r o c k e t ,  which s e p a r a t e d  from t h e  body 
c l o s e  t o  t h e  t r a j e c t o r y  peak and descended i n  a parachute .  The para- 
chute-nose s e c t i o n  system w a s  equipped w i t h  a r a d i o  beacon. The u t i l i z a -  
t i o n  of r a d a r  t r a c k i n g  t o  determine t h e  t r a j e c t o r y  elements  of t h e  system 
made i t  p o s s i b l e  t o  compute t h e  wind v e l o c i t y  and d i r e c t i o n .  The degree  
t o  which t h e  system lagged behind t h e  s t r e a m  due t o  i t s  g r e a t  i n e r t i a  w a s  
t h u s  taken  i n t o  account .  

A 
t a rge t -parachutes  w e r e  employed as 

Wind o b s e r v a t i o n s  i n  t h e  s t r a t o s p h e r e  showed t h e  s e a s o n a l  n a t u r e  of 
t h e  wind d i r e c t i o n  - i t s  s h i f t  from p r i m a r i l y  t h e  w e s t  (w in te r )  t o  t h e  
east (summer) i n  a l a y e r  above 20 km. The s e a s o n a l  n a t u r e  of t h e  wind 
d i r e c t i o n  i s  p r i m a r i l y  determined by t h e  cool ing  processes  (win te r )  and 
warming processes  (summer) of t h e  a r c t i c  s t r a t o s p h e r e ,  which changes t h e  
p i c t u r e  of t h e  temperature  f i e l d  throughout t h e  e n t i r e  hemosphere as a 
whole. The temperature  g r a d i e n t  t h u s  changes i t s  d i r e c t i o n  by approximate- 
l y  180O. A r e p r e s e n t a t i o n  of t h e  change i n  t h e  wind f i e l d  provides  average 
s e a s o n a l  v a l u e s  f o r  wind v e l o c i t y ,  which w e  c a l c u l a t e d  on t h e  b a s i s  of 
o b s e r v a t i o n s  der ived  from t h e  Meteoro logica l  Rocket Network of t h e  U . S . A .  
(Figure 1). 

* Note: Numbers i n  t h e  margin i n d i c a t e  p a g i n a t i o n  i n  t h e  o r i g i n a l  f o r e i g n  
tex t .  



IIIIIII I 1  I 

A l l  of t h e  material  w a s  d i s t r i b u t e d  according t o  l a t i t u d i n a l  zones: 
90-60" nor the rn  (I), 60-30" - moderate (11) ,  and 30-0" - southern  (111) ,  
and according t o  seasons.  Three ca lendar  months (win ter  - December, 
January ,  February,  e t c . )  were included i n  each season.  E a s t e r l y  winds,  
w i th  a maximum of t h e  e a s t e r n  component a t  50-60 km, predominated i n  
t h e  summer i n  a l l  zones.  I n w i n t e r ,  w e s t e r l y  winds w e r e  s t r o n g e r ,  par-  
t i c u l a r l y  i n  t h e  mean l a t i t u d e s ,  w i th  a maximum a t  an  a l t i t u d e  of no t  
less than  6 0  km. A t  h igh l a t i t u d e s ,  t h e  maximum appa ren t ly  l i e s  below 
approximately 45 km. The mean d a t a  compiled i n  t h e  f a l l  p o i n t  t o  t h e  
f a c t  t h a t  - i f  t h e  wind d i s t r i b u t i o n  i s  c l o s e  t o  t h e  win te r  d i s t r i b u t i o n  
a t  t h i s  t i m e  i n  t h e  mean and l o w  l a t i t u d e s  - t h e  nor thwes tern  d i r e c t i o n  
predominates i n  t h e  no r the rn  zone. This  p o i n t s  t o  t h e  non-zonal d i s t r i b u -  
t i o n  of isohypses  ( i so therms) .  

It i s  appa ren t ly  u s e l e s s  t o  expect  a zonal  d i s t r i b u t i o n  of meteoro- 
l o g i c a l  e lements  c l o s e  t o  t h e  p o l e  i n  autumn and w i n t e r ,  because z o n a l i t y  
on t h e  e a r t h  and i n  t h e  atmosphere i s  determined by t h e  z o n a l i t y  of s o l a r  
r a d i a t i o n .  On t h e  o t h e r  hand, t h e  l a r g e  mer id ian  c o n t r a s t s  i n  r eg ions  / 5 3  
c l o s e  t o  t h e  po le s  ( t h e  i c e  m a s s  of t h e  Canadian a rch ipe lago  - Greenland, 
t h e  w a r m  A t l a n t i c ,  t h e  co ld  n o r t h  of S i b e r i a ,  and t h e  warmth of t h e  P a c i f i c  
Ocean) must i n f l u e n c e  t h e  n a t u r e  of t h e  d i s t r i b u t i o n  i n  t h e  Po la r  Zone, 
t hus  d i s t u r b i n g  t h e  z o n a l i t y .  I n  t h e  atmosphere t h i s  i s  expressed by t h e  
well-known two-center s t r u c t u r e  i n  win te r  of t h e  p o l a r  b a r i c  system, which 
w a s  e s t a b l i s h e d  p rev ious ly  by d a t a  de r ived  from probes i n  t h e  t roposphere  
(Ref. 2 ) .  Two low-pressure c e n t e r s  are l o c a t e d  on maps showing t h e  b a r i c  
topography f o r  h igh  e l e v a t i o n s  (January,  10 mb); one of t h e s e  c e n t e r s  is  
l o c a t e d  i n  t h e  d i r e c t i o n  of t h e  T a i m i r  Peninsula ,  and t h e  o t h e r  - above 
Greenland (Ref. 3 ) .  Such a p r e s s u r e  d i s t r i b u t i o n  must l ead  t o  t h e  non- 
z o n a l i t y  of a i r  c u r r e n t s  i n  t h e  a r c t i c  s t r a t o s p h e r e ,  and i t  i s  j u s t  t h i s  
t ype  of d i s t r i b u t i o n  which i s  obta ined  from d a t a  i n  t h e  f a l l .  Data ob- 
t a ined  i n  t h e  w i n t e r  do n o t  co r robora t e  t h i s  d i s t r i b u t i o n ,  and i t  i s  poss i -  
b l e  t h a t  t h i s  i s  only  due t o  t h e  s m a l l  number of obse rva t ions  performed i n  
t h e  win te r .  

The average d a t a  obta ined  i n  t h e  s p r i n g  show t h a t ,  wh i l e  an  e a s t e r l y  / 5 4  
wind begins  t o  predominate i n  t h e  upper  and lower l a t i t u d e s ,  a t  t h e  mean 
l a t i t u d e s  i t  cont inues  t o  remain wes te r ly .  An exp lana t ion  of t h i s  f a c t  
can b e  found i n  t h e  upper-air  maps of b a r i c  topography cons t ruc t ed  f o r  t h e  
North American con t inen t .  It can be seen from t h e s e  maps t h a t  a t  g r e a t  
a l t i t u d e s  (on t h e  o rde r  of 1 mb) t h e  r a p i d  hea t ing  of t h e  a r t i c  s t r a t o -  
sphere  l e a d s  t o  a d i s r u p t i o n  of t h e  p o l a r  cyc lone ,  and a t rough i s  loca ted  
t o  t h e  no r th  of t h e  middle l a t i t u d e s .  On t h e  southern  per iphery  of t h i s  
t rough,  w e s t e r l y  winds cont inue  t o  be observed (Ref. 4 ) .  Thus, dur ing  t h e  
main seasons t h e  c i r c u l a t i o n  d i f f e r e n c e s  between t h e  t h r e e  zones c o n s i s t  
p r i m a r i l y  of wind v e l o c i t i e s ,  wh i l e  i n  t h e  t r a n s i t i o n a l  seasons  d i f f e r e n c e s  
are observed i n  t h e  d i r e c t i o n  of t h e  a i r  c u r r e n t s .  I n  s p r i n g ,  a l a g  i n  t h e  
c i r c u l a t i o n  s i g n  change i n  t h e  moderate zone, and t h e  beginning of a s i g n  
change i n  t h e  upper levels,  are c h a r a c t e r i s t i c .  

The d i s t r i b u t i o n  of t h e  mean wind g r a d i e n t s  i n  t h e  main seasons i s  
an  i n t e r e s t i n g  f e a t u r e .  They have t h e  fo l lowing  v a l u e s  i n  summer and 
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Figure  1 

Mean Seasonal  Values of Wind Ve loc i ty  According t o  Data 
of t h e  Meteoro logica l  Rocket Network of t h e  U.S.A. 

I - Northern Zone (60-90° N); I1 - Moderate Zone (30-60' N ) ;  
I11 - Southern Zone (0-30° N) 

win te r :  
HY Summer Winter HY km Summer Winter 
65-60 +3.4 +1.2 45-40 -1 .4  +1.0 
60-55 +0.2 +lo.  2 40-35 -1.8 +2.8 
55-50 -0.8 -1.8 35-30 -1.0 +2.8 
50-45 -1.0 +0.8 30-25 -0.2 +1.6 
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A change i n  t h e  ver t ical  wind g r a d i e n t  is  a d i s t i n c t  and, appa ren t ly ,  
r e g u l a r  phenomenon. 

I n  summer a l l  o t h e r  d a t a  p o i n t  t o  t h e  e x i s t e n c e  of t h e  g r e a t e s t  
n e g a t i v e  wind g r a d i e n t s  i n  t h e  35-45 km l a y e r .  I n  t h i s  l a y e r  t h e r e  i s  
a sha rp  i n c r e a s e  i n  wind wi th  a l t i t u d e ,  which p o i n t s  t o  g r e a t  tempera- 
t u r e  d i f f e r e n c e s  i n  t h i s  l a y e r  ( t h e  n o r t h  i s  w a r m e r  t han  t h e  sou th ) .  I n  
w i n t e r ,  t h e  g r a d i e n t s  are  a l s o  n e g a t i v e  i n  t h e  50-55 km l a y e r  on t h e  
o v e r a l l  background of p o s i t i v e  g r a d i e n t s  a t  o t h e r  a l t i t u d e s .  I n  t h i s  
l a y e r  t h e  tempera ture  g r a d i e n t  must be  j u s t  t h e  reverse of t h e  mean 
g r a d i e n t  i n  t h e  w i n t e r  - i . e . ,  t h e  no r th  must be  w a r m e r  t han  t h e  sou th .  
Thus, t h i s  material sugges t s  t h a t  t h e r e  is  always a l a y e r  i n  t h e  atmos- 
phere  whose a l t i t u d e  i n c r e a s e s  i n  win te r  and dec reases  i n  summer, where 
t h e  n o r t h  is  w a r m e r  t han  t h e  sou th  ( i n  t h e  summer, t h e  n o r t h  is  con- 
s i d e r a b l y  w a r m e r  t han  t h e  s o u t h ) .  

This  f e a t u r e  can be compared wi th  t h e  d i s t r i b u t i o n  of ozone i n  
t h e  s t r a t o s p h e r e ;  t h e  main c h a r a c t e r i s t i c s  of t h e  temperature  f i e l d  f o r  
t h e  l a y e r  under c o n s i d e r a t i o n  are  determined by t h e  presence  of ozone. 
One d i f f i c u l t y  e n t a i l e d  i n  such a comparison is  t h e  l a c k  of d a t a  on 
t h e  ver t ical  ozone d i s t r i b u t i o n ,  which is  ve ry  important  i n  t h e  g iven  
case. I n  thermal  terms, t h e  most a c t i v e  r eg ion  of t h e  ozonosphere is  
l o c a t e d  above 30-35 km, wh i l e  t h e  ozone d i s t r i b u t i o n  maximum i s  l o c a t e d  
a t  an  a l t i t u d e  of about  25 km. Measurements of t h e  t o t a l  ozone con ten t  
provide  informat ion  on t h e  change i n  i t s  o v e r a l l  concen t r a t ion .  However, 
t h e  maximum of t h e  o v e r a l l  conten t  can i n  no way co inc ide  wi th  an  in-  
crease i n  i t s  concen t r a t ion  i n  t h e  l a y e r  above t h e  maximum region .  I n  
o t h e r  words, an i n c r e a s e  (o r  decrease)  i n  t h e  o v e r a l l  concen t r a t ion  i n  
t h e  v e r t i c a l  column does no t  i n  any way i n d i c a t e  t h a t  i t  has  v e r t i c a l  
d i s t r i b u t i o n .  

The win te r  anomalous l a y e r  can be  expla ined  by a h ighe r  ozone con- 
c e n t r a t i o n  i n  t h e  upper l a t i t u d e s .  I n  win te r  (January)  t h e  t o t a l  ozone 
con ten t  changes from 30 t o  60" l a t i t u d e  wi th  210 t o  280.10-3 cm. Hg - 
i . e . ,  i t  i n c r e a s e s  by approximately 30%. Thus, a d iminut ion  of t h e  
wes tern  c u r r e n t s  i n  w i n t e r  can be caused by t h e  s i g n  change of t h e  t e m -  
p e r a t u r e  g r a d i e n t  i n  t h e  ozonosphere r eg ion  which is  thermal ly  most active,  
a t  a l t i t u d e s  of 45-55 km. 

Changing t o  summer, w e  f i n d  t h a t  t h e  a l t i t u d e  of t h e  l a y e r  which i s  
thermal ly  a c t i v e  depends both  on t h e  v e r t i c a l  ozone d i s t r i b u t i o n ,  and on 
t h e  he igh t  of t h e  sun above t h e  hor izon .  Ac tua l ly ,  when t h e  sun i s  a t  a 
h ighe r  p o s i t i o n  i t s  rays  from t h e  short-wave p o r t i o n  of t h e  spectrum I 5 5  
p e n e t r a t e  t h e  ozonosphere more deeply ,  moving underneath t h e  boundary 
of t h e  u l t r a v i o l e t  shade. When t h e  sun i s  a t  a lower p o s i t i o n ,  t h i s  
boundary w i l l  be  l o c a t e d  above. 

The well-known r e l a t i o n s h i p s  connect ing t h e  r a d i a t i o n  i n t e n s i t y  wi th  
t h e  amount of a tmospheric  masses which are p e n e t r a t e d ,  o r  w i th  t h e  z e n i t h  
d i s t a n c e  of t h e  sun,  show t h a t  t h e  seasona l  change i n  t h e  a l t i t u d e  of t h e  
l a y e r  under c o n s i d e r a t i o n  can  be provided by t h e  annual  v a r i a t i o n  i n  t h e  
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h e i g h t  of t h e  sun. Thus, t h e  wind p r o f i l e  - more p r e c i s e l y ,  t h e  ver t ica l  
g r a d i e n t  of  i t s  zonal  component - a p p a r e n t l y  r e f l e c t s  c e r t a i n  anoinalies 
i n  t h e  temperature  d i s t r i b u t i o n .  
l a t e d  t o  t h e  annual  v a r i a t i o n  i n  t h e  h e i g h t  of t h e  sun and t h e  ozone con- 
c e n t r a t i o n .  

I n  t h e i r  t u r n ,  t h e s e  anomalies are  re- 
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Figure  2 

T i m e  P r o f i l e  of t h e  Zonal Wind Component (1957 Mean 
L a t i t u d e s  i n  USSR) 

Minus Sign Corresponds t o  E a s t e r n  D i r e c t i o n  

Dotted Line  Corresponds t o  Data of E. S .  B a t t e n  (Ref. 5 ) .  

An atmospheric  p r o f i l e  i n  t i m e  w a s  c o n s t r u c t e d  f o r  a l t i t u d e s  from 
20 t o  50-60 km based on d a t a  f o r  t h e  spring-summer-fall of 1957 (F ig .  2 ) .  
The p r o f i l e ,  c o n s t r u c t e d  on t h e  b a s i s  of o b s e r v a t i o n s  over  one year  and 
a t  a s i n g l e  p o i n t  on t h e  e a r t h ,  w i l l  have l o c a l  c h a r a c t e r i s t i c s .  A t  t h e  
p r e s e n t  t i m e  i t  i s  d i f f i c u l t  t o  say whether t h e  c i r c u l a t i o n  a t  t h e s e  
a l t i t u d e s  i s  t h e  same dur ing  d i f f e r e n t  y e a r s .  W e  should p o i n t  o u t  t h a t  
t h e  p r o f i l e  w a s  formulated on t h e  b a s i s  of l i m i t e d  o b s e r v a t i o n a l  d a t a .  
Eighteen soundings up t o  d i f f e r e n t  a l t i t u d e s ,  encompassing a per iod  from 
t h e  end of May t o  October,  w e r e  used t o  c o n s t r u c t  t h i s  p r o f i l e .  

It can be  c l e a r l y  s e e n  on t h e  zonal  component p r o f i l e  t h a t  i n  s p r i n g  
a n  e a s t e r l y  wind appears  i n  t h e  atmosphere a t  t h e  upper l e v e l ;  over  a 
per iod  of t i m e ,  t h i s  wind i n c l u d e s  t h e  lower l a y e r s  down t o  20 km. I n  
one qnd t h e  same level,  t h i s  is  expressed i n  a gradual ly- increas ing  velo-  
c i t y  of t h e  e a s t e r n  component from s p r i n g  t o  t h e  middle  of summer. The 
e a s t e r n  component maximum i s  reached a t  a n  a l t i t u d e  of 60 km, o r  somewhat 
h i g h e r ,  approximately i n  t h e  middle  of J u l y  (about 60 m/sec). It i s  im- 
p o s s i b l e  t o  e s t a b l i s h  t h e  e x a c t  t i m e  of t h e  maximum due t o  t h e  l i m i t e d  
number of soundings a t  t h e  upper levels.  

S e v e r a l  a u t h o r s  have r e p e a t e d l y  confirmed t h e  f a c t  (Ref. 6 )  t h a t  t h e  
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v e r n a l  r e c o n s t r u c t i o n  of t h e  wind f i e l d  i s  i n i t i a t e d  a t  t h e  upper levels,  
and then  i n c l u d e s  almost t h e  e n t i r e  s t r a t o s p h e r e .  This  r e c o n s t r u c t i o n  
corresponds t o  a n  analogous r e c o n s t r u c t i o n  of t h e  temperature  f i e l d ,  
which i s  a l s o  i n i t i a t e d  a t  t h e  upper levels.  The autumn d i r e c t i o n a l  
change d i f f e r s  from t h e  v e r n a l  change. It can b e  assumed t h a t  t h e  w e s t e r -  
l y  winds p e n e t r a t e  t h e  r e g i o n  of e a s t e r l y  winds both  above and below t h e  
leve l  a t  which t h e  e a s t e r l y  winds remain f o r  t h e  l o n g e s t  per iod  (up t o  
t h e  middle of  September) - t h i s  a l t i t u d e  i s  c l o s e  t o  40 km. 

For purposes of comparison, t h e  corresponding p r o f i l e  l i n e s  of /56 
E .  S .  Ba t ten  (Ref. 5) ( d o t t e d  l i n e )  f o r  l a t i t u d e s  a t  30-40 km w e r e  
p l o t t e d  on t h e  p r o f i l e .  The conspicuous co inc idence  i n  t h e  d i s t r i b u -  
t i o n  of t h e  wind zonal  component i n  t h e s e  two p r o f i l e s  p o i n t s  t o  t h e  
comparative s t a b i l i t y  of t h e  wind a t  mean l a t i t u d e s  above d i f f e r e n t  
p o i n t s  on t h e  e a r t h  throughout d i f f e r e n t  y e a r s .  Material f o r  d i f f e r e n t  
y e a r s  w a s  employed i n  t h e  p r o f i l e  of E. S .  Ba t ten ,  b u t  d a t a  from 1959- 
1960 w e r e  employed t o  a s i g n i f i c a n t  e x t e n t .  The fol lowing should be  
noted among t h e s e  main forms of agreement: (1) The n a t u r e  of t h e  wind 
f i e l d  r e c o n s t r u c t i o n  i n  s p r i n g ;  ( 2 )  The p o s i t i o n  of t h e  summer wind 
maximum; ( 3 )  The n a t u r e  of t h e  wind f i e l d  r e c o n s t r u c t i o n  i n  autumn. 

The p r o f i l e  d i f f e r e n c e s  are as fo l lows:  (1) The zonal  component velo-  
c i t i e s ,  which are smaller on t h e  whole, i n  t h e  r e c o n s t r u c t e d  p r o f i l e  ( f o r  
example, t h e  i s o t a c h  of 20 m/sec i n  t h e  middle  of summer is  6 km h i g h e r  
i n  our  p r o f i l e ;  t h e  i s o t a c h  of 40 m/sec - i s  4 km h i g h e r ) ;  (2) A s  compared 
w i t h  t h e  p r o f i l e  of B a t t e n ,  t h e  e n t i r e  p i c t u r e  i s  s h i f t e d  somewhat (by 
0.5-1 month) toward t h e  ear l ie r  p e r i o d s ,  p a r t i c u l a r l y  i n  t h e  t r a n s i t i o n a l  
seasons.  The d i s c r e p a n c i e s  i n d i c a t e d  above can be  caused by several 
reasons  - namely, t i m e  (more c o r r e c t l y ,  i n t r a - y e a r )  and l o n g i t u d i n a l  d i f -  
f e r e n c e s ,  as w e l l  as t h e  s m a l l  amount of material  u t i l i z e d  by u s .  However, 
t h e  e x i s t i n g  d i f f e r e n c e s  do n o t  i n v a l i d a t e  t h e  agreement i n d i c a t e d  above. 

An a n a l y s i s  of i n d i v i d u a l  cases of wind probes i n  t h e  s t r a t o s p h e r e  
can reveal several unusual  f e a t u r e s  of t h e  c i r c u l a t i o n .  I n  t h e  f a l l  and 
w i n t e r  of 1958, a n  e a s t e r l y  wind w a s  d e t e c t e d  t h r e e  t i m e s  i n  t h e  s t r a t o -  
sphere  above the0.Kheys h i g h e r  t h a n  20 km; wind having a meridian ( 7 )  
d i r e c t i o n  w a s  d e t e c t e d  once. T .  J .  Keegan made a d e t a i l e d  s tudy  i n  1962 
(Ref. 7)  of t h e  appearance of e a s t e r l y  winds i n  t h e  w i n t e r  a t  mean l a t i t u d e s  
i n  t h e  s t r a t o s p h e r e .  The appearance of e a s t e r l y  winds i n  w i n t e r  a t  mean 
l a t i t u d e s  i n  t h e  s t r a t o s p h e r e ,  above t h e  North American c o n t i n e n t ,  i s  i n d i -  
c a t e d  by t h e  s i g n i f i c a n t  s h i f t s  i n  t h e  main c e n t e r s  of a c t i o n  i n  t h e  s t r a t o -  
sphere  w i t h  r e s p e c t  t o  t h e i r  mean p o s i t i o n .  Thus, according t o  10  mb maps 
t h e  t rough of t h e  p o l a r  w i n t e r  cyclone i s  l o c a t e d  above t h e  Labrador Penin- 
s u l a ,  and even above t h e  c o n t i n e n t  i n  t h e  d i r e c t i o n  of C a l i f o r n i a ,  and t h e  
crest  of t h e  P a c i f i c  Ocean a n t i c y c l o n e  ex tends  t o  Alaska. I n  t h i s  way, t h e  
b a r i c  (and temperature)  g r a d i e n t  a c q u i r e s  a d i r e c t i o n  which i s  t h e  reverse 
of t h e  mean d i r e c t i o n  i n  w i n t e r ,  which causes  a s h i f t  i n  t h e  wind d i r e c t i o n .  
The w i n t e r  sources  of t h e  e a s t e r l y  wind, which w e r e  s t u d i e d  by Keegan, have 
t h e i r  c e n t e r s  a t  a l t i t u d e s  of 30-40 km, b u t  t h e i r  i n f l u e n c e  can extend up 
t o  50-60 km, i . e . ,  they  i n c l u d e  almost t h e  e n t i r e  s t r a t o s p h e r e .  
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Instances showing disturbances in the western circulation in winter 
at the QKheys were compared with baric topographic maps of 100 and 30 
mb. The maps showed that in these cases the cold winter cyclone was 
shifted with respect to the pole, either in the Greenland section of the 
Atlantic, or in the direction of the Taimir Peninsula. In this way, the 
region between the pole and the cyclone center was in the zone of eastern 
circulation, which extends to an altitude of not less than 40 km, which 
apparently corresponds to the minimum altitude of baric formations, the 
polar cyclone, and the Aleutian maximum. We should also point out that 
this altitude coincides with data obtained from observations in the 
United States (see Figure 1, autumn, northern zone). 

Similar synoptic situations must inevitably result in an attenua- 
tion of the mean zonal western component at high latitudes, which is ob- 
served in actuality. 

Shifts in the polar cyclone center, determined from data derived 
from wind probes and from 30 mb surface maps, are similar in their synop- 
tic nature to those described by S.  S. Gaygerov for the winter temperature 
rise (Ref. 8) .  

Since the shifts in the cyclone center during winter and spring are 
caused by one and the same mechanism - and since these shifts acquire a 
systematic nature in spring - it can be expected that a constant shift 157 
in the winter circumpolar cyclone is indicated to a certain extent by 
the mean atmospheric characteristics in spring at mean latitudes. Ac- 
tually, at the mean latitudes the velocity of the western component at 
an altitude of 30 km is larger in April than it is in winte.r. Thus, a 
disturbance of the western circulation to the north of the cyclone center 
and its intensification in the more southern regions accompany the shift 
in the polar cyclone. 
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